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Abstract 

Background: In the last decade, TKIs improved the overall survival (OS) of chronic myeloid leukemia (CML) patients 
who achieved a deep and sustained molecular response (DMR, defined as stable MR4 and MR4.5). Those patients may 
attempt therapy discontinuation. In our analysis, we report the differences in eligibility cr iter ia due to time of response 

and different TKI used as frontline treatment analyzed in a large cohort of CP-CML patients. Methods: Data were 

exported by LabNet CML, a network founded by GIMEMA in 2014. The network standardized and harmonized the 

molecular methodology among 51 laborator ies distr ibuted all over Italy for the diagnosis and molecular residual disease 

(MRD) monitoring. Results: Out of 1777 patients analyzed, 774 had all evaluable timepoints (3, 6, and 12 months). At 3 

months, 40 patients obtained ≥MR4: of them 14 (3.6%) with imatinib, 8 (5.8%) with dasatinib, and 18 (7.4%) with nilotinib 

( P = .093); at 6 months, 146 patients were in MR4: 42 (11%) with imatinib, 38 (28%) with dasatinib, and 66 (27%) with 

nilotinib ( P < .001). At 12 months, 231 patients achieved a DMR: 85 (22%) with imatinib, 55 (40%) with dasatinib and 

91 (38%) with nilotinib ( P < .001). Achieving at least ≥MR2 at 3 months, was predictive of a DMR at any timepoint 
of observation: with imatinib 67% versus 30% of patients with < MR2, with dasatinib 66% versus 28% of patients with 

< MR2, and with nilotinib 75% versus 30% of patients with < MR2 ( P < .001). At the same time point, achieving at least 
≥MR3 is even more predictive of a DMR at any timepoint: 89% versus 38% of patients with < MR3 with imatinib ( P < 

.001), 84% versus 40% of patients with < MR3 with dasatinib ( P < .001), and 89% versus 49% of patients with < MR3 

with nilotinib ( P < .001). Of 908 patients who reached a DMR, 461 (51%) lost it: the loss of response after > 2 years 
was significant for patients who at 3 months had ≥MR2 (18% vs. 9.9% of pts with < MR2, P = .038).Conclusion: In 
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conclusion, reaching ≥MR2 and a MR3 at 3 months it seems predictive of a DMR at any time point. Considering the 

prerequisite for a discontinuation with a sustained DMR only a minority of patients can be eligible for the discontinuation, 
regardless the frontline treatment received. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 25, No. 1, e34–e39 © 2024 Elsevier Inc. All rights are reserved, 
including those for text and data mining, AI training, and similar technologies. 
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Introduction 

Treatment free remission (TFR) has become a novel and signifi-
cant clinical endpoint in chronic phase chronic myeloid leukaemia
patients (CP-CML) who have achieved a sustained and deep molec-
ular response (DMR, i.e. a reduction of 4 or 4.5 logarithms from
the baseline molecular burden). 1 

Critical findings on the association of long-term DMR and initial
responses were explored at first in the IRIS study. 2 As regards the
2003 report, the importance of a reduction to less than 10% at
3 months and 1% at 6 months 3 was underlined. In the follow-
up of the same study in 2010, a landmark analysis of BCR::ABL1
values at 6, 12 and 18 months of imatinib therapy showed that
event-free survival (EFS) was inferior for patients with > 10% at
6 months and > 0.1% at 12 and 18 months. 4 Two different groups
then established the value of a ratio < 10% at 3 months for the long-
term outcome and the achievement of a DMR. 5 , 6 A recent analy-
sis of the German CML-Study IV confirmed the optimal response
time to achieve 1% BCR::ABL1 at about 12 to 15 months for
progression-free survival. 7 A sustained DMR has become the prereq-
uisites for a possible discontinuation and was defined as persistence
of the same molecular response (MR4 or MR4.5) at 3 consecutive
assessments. 8 In the past it has been demonstrated that achieve-
ment of MR3 at 3 months of treatment was associated with stable
DMR in the long-term outcome and conversely, a sustained MR4.5
is associated with sustained MR3. 9-12 Most of the published data
suggested that a stable DMR reduces the risk of resistance. 9-12 Inter-
national recommendations provided the evidence that a sustained
DMR is required for a possible discontinuation, with almost 3 years
of MR4 or 2 years of MR4.5 without fluctuation of molecular
residual disease. 1 Indeed, the correlation between level of response
and event-free survival (EFS) has been extensively debated. 13 The
Table 1 Comparison Between Patients Evaluable at Each Time Po

Characteristic Overall, N = 1777 a < 3 E
Treatment, n (%) 

Imatinib 909 (51%) 
Dasatinib 351 (20%) 
Nilotinib 517 (29%) 

Sex, n (%) 
Male 1031 (58%) 
Female 746 (42%) 

Age at diagnosis, Median (IQR) 59 (47, 71) 

a n (%); Median (IQR). 
b Pearson’s chi-squared test; Wilcoxon rank sum test. 
achievement of MMR was found to correlate with EFS and was
used as surrogate endpoint for this type of response in the subse-
quent clinical trials. But in the previous mentioned IRIS trial, the
achievement of an MMR at 12 months did not provide an improved
EFS as indeed the achievement of CCyR or a MR2. 2 Therefore,
we must differentiate the level of response that we have to reach
to put the patients in a safe place for the event of discontinuation
due to resistance or progression from that to achieve as criteria of
discontinuation. The aim of our study is to report the differences
in eligibility criteria due to time of response and different TKIs
used as frontline treatment analyzed in a large cohort of CP-CML
patients. 

Patients and Methods 

Data were exported from LabNet CML platform, a network
founded by GIMEMA in 2014, with an unconditional grant from
Novartis. The LabNet network is a platform that connects Hematol-
ogy Centers and Molecular Biology Laboratories with the aim of
facilitating and standardizing the procedures of the most common
laboratory tests for CML. The network standardized and harmo-
nized the molecular methodology among 51 laboratories distributed
all over Italy for the diagnosis and molecular residual disease (MRD)
monitoring. To participate in the network, laboratories fulfilled
quality controls and regularly undergo standardization procedures.
The connection between the hematology centers and laboratories is
managed by a web-based GDPR compliant platform. The number
of reported exams and treated patients, new diagnoses, patients who
achieved a DMR were available from each center. Responses were
expressed on the International Scale (IS %) and were evaluated
according to ELN recommendations every 3 months and at least
every 6 months in patients in DMR. 
ints and the Remaining Cohort 

vals, N = 1003 All Evals, N = 774 P -Value b 

.090 
515 (51%) 394 (51%) 
213 (21%) 138 (18%) 
275 (27%) 242 (31%) 

.6 
576 (57%) 455 (59%) 
427 (43%) 319 (41%) 
60 (48, 72) 59 (47, 71) .3 
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Figure 1 Flowchart of the population analyzed. 

Table 2 Comparison Between TKIs in Terms of Achievement of MR4 at 3, 6, and 12 Months 

3 Mo 6 Mo 12 Mo 
MR < 4 

No = 734 
MR ≥ 4 
No = 40 

P -Value MR < 4 
No = 628 

MR ≥ 4 
No = 146 

P -Value MR < 4 
No = 543 

MR ≥ 4 
No = 231 

P -Value 

Treatment no (%) .093 < .001 < .001 
Imatinib 380 (96%) 14 (4%) 352 (89%) 42 (11%) 309 (78%) 85 (22%) 
Dasatinib 130 (94%) 8 (6%) 100 (72%) 38 (28%) 83 (60%) 55 (40%) 
Nilotinib 224 (93%) 18 (7%) 176 (73%) 66 (27%) 151 (62%) 91 (38%) 

e36 Clinical Lymphoma, Myeloma and Leukemia January 2025
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Results and Discussion 

Data export refers to July 2023: a total of 120,100 evaluable
molecular tests were collected and 9699 patients were recorded in
the database. Of them 7033 have at least 1 test with a DMR. For this
analysis only patients treated in firstline were considered. Patients
who switched during the first 24 months were censored. 

Out of 1777 patients selected because evaluable since the first
evaluation at 3 months, 774 had all evaluable timepoints (3, 6,
and 12 months) ( Figure 1 ). A comparison was performed with
the remaining patients ( Table 1 ), but no specific differences were
detected. At 3 months, 40 patients (5.2%) obtained ≥MR4: of them
14 (4%) with imatinib, 8 (6%) with dasatinib, and 18 (7%) with
nilotinib ( P = .093). At 6 months, 146 patients (18.9%) achieved
≥MR4: 42 (11%) with imatinib, 38 (28%) with dasatinib, and
66 (27%) with nilotinib ( P < .001). At 12 months, 231 patients
(29.8%) achieved a DMR: 85 (22%) with imatinib, 55 (40%) with
dasatinib and 91 (38%) with nilotinib ( P < .001, Table 2 ). When
considering the whole cohort of 1777 patients, achieving at least
≥MR2 at 3 months was predictive of a DMR at any timepoint of
observation with any frontline TKI: with imatinib 67% versus 30%
of patients with < MR2, with dasatinib 66% versus 28% of patients
with < MR2 and similar results have been reported with nilotinib
75% versus 30% of patients with < MR2 at 3 months ( P < .001).
At the same time points ( Table 3 ), as already reported, achieving at
least ≥MR3 is even more predictive of a DMR at any timepoint:
89% versus 38% of patients with < MR3 with imatinib ( P < .001),
84% versus 40% of patients with < MR3 with dasatinib ( P < .001),
and 89% versus 49% of patients with < MR3 with nilotinib ( P <

.001, Table 3 ). 
Out of 1777 patients analyzed, 908 reached a DMR; 461 (51%)

of them lost the response: the loss of response after > 2 years was
significantly higher in patients who at 3 months had ≥MR2 (18%
vs. 9.9% of pts with < MR2, P = .038). 

No differences among the 3 TKIs were revealed in patients who
maintained a DMR and were considered eligible for TFR: 106
(27%) with imatinib, 49 (26%) with dasatinib, and 105 (32%) with
nilotinib ( Table 4 ). 

According to several studies, TFR is associated with increased
outcome only in patients who maintained a long-term treatment
(more than 5 years) and a sustained DMR. The correlation with
long-term treatment was showed in the first French STIM study, 14 

in which a reduced risk of molecular relapse was recorded in patients
with a long exposure to imatinib for more than 54 months and
in the EUROSKI study 15 that identified a low risk in patients
exposed to TKIs for more than 5.8 years. A similar correlation
was also reported with second-generation TKIs, a similar corre-
lation was reported: in the ENESTfreedom trial, 16 a prolonged
therapy with nilotinib was associated with a higher rate of sustained
TFR. Similarly, also for the long duration of DMR: both the
EUROSKI and the mentioned ENESTFreedom studies showed a
reduced relapse rate associated with a long duration of MR4 or
MR4.5. 15 , 16 In our study, analyzing a large cohort of centralized
samples in standardized laboratories, we found a correlation between
faster responses at early time points and an increased rate of DMR.
Moreover, as already reported, the use of second-generation TKIs
Ta
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Table 4 TFR Eligibility 

Overall, No = 908 Imatinib, No = 399 Dasatinib, No = 185 Nilotinib, No = 324 
Treatment free, N (%) 
Eligible 260 (29%) 106 (27%) 49 (26%) 105 (32%) 
Not eligible 388 (43%) 178 (45%) 81 (44%) 129 (40%) 
Too early 260 (29%) 115 (29%) 55 (30%) 90 (28%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e38
improved over time the rate of DMR and the possible eligibility
to discontinuation. The loss of response during treatment seems
also correlated with the time to response, significantly increased
for patients who at 3 months had ≥MR2. As compared to previ-
ous reports, there is a strong correlation between the deepness of
molecular response and the rate of DMR achieved at last observa-
tion; nevertheless, in our analysis achieving at least ≥ MR2 at 3
months is equally significant in terms of DMR rate, regardless of
type of drug used. Branford and colleagues analyzed the prognostic
factors that influenced the incidence of sustained MR4.5 (strictly to
undetectable for > 2 years) in a large cohort of CML patients treated
with imatinib. The results showed that female sex, for unknown
reasons, and the BCR::ABL1 value at 3 months were the indepen-
dent predictors of stable DMR; in particular, the highest incidence
of MR4.5 at 8-years was 78% for patients with < 0.10% at 3
months compared to 52.7% of patients with a ratio > 0.10%-1%
and 29% for patients with > 1%-10%. 17 

The German group reported that the 3-month BCR::ABL1
transcript value identifies patients at risk of impaired OS: roughly
half-log reduction from the baseline value and a 6% IS value (extrap-
olated from BCR-ABL/GUS analysis) at 3 months were associated
with low OS. 7 

Recently, the same group analyzed 510 patients after a median
follow-up of 5.4 years. Most of the patients were treated with second
generation TKIs (59%): milestones according to ELN criteria were
achieved by 88%, 85%, and 73% of patients at 3,6, and 12 months,
respectively. A DMR was achieved by 85%, 86%, and 91% of
patients who reached the milestones at 3, 6, and 12 months, respec-
tively, compared to 44%, 45%, and 51% of patients who did not.
A TFR eligibility was achieved prevalently with nilotinib (32%)
compared to imatinib (14%) and dasatinib (13%), with only 19%
of patients who discontinued. 18 

In a large cohort of CML patients analyzed in a standardized
network of laboratories we report that, regardless the type of drug
used, reaching at least ≥MR2 and a MR3 at 3 months it seems
predictive of a DMR at any time point. Considering the prerequisite
for a discontinuation a sustained DMR, only a minority of patients
can be eligible for the discontinuation, regardless the frontline treat-
ment received. These results suggest that in order to improve the
rate of TFR, new treatment options or investigational approaches
should be applied. 
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